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To investigate further the role of GABA in the onset of puberty, this 
study examines whether glutamic acid decarboxylase (GAD ) , the 
catalytic enzyme for GABA synthesis, is involved in the suppression of 
luteinizing hormone releasing hormone (LHRH) before puberty in rhesus 
monkeys. First, both GAD67 and GAD65 mRNAs were detectable by reverse 
transcription-PCR analysis in the preoptic area, medio-basal hypothalamus, 
posterior hypothalamic area, and hippocampus of the monkey brain. Second, 
effects of antisense oligodeoxynucleotides (D-oligos) for GAD67 and 
GAD65 mRNAs on LHRH release were examined in conscious female rhesus 
monkeys at the prepubertal stage using a push-pull perfusion method. The 
GAD67 or GAD65 antisense D-oligos or scrambled D-oligos were infused 
directly into the stalk-median eminence. Both the GAD67 and the GAD65 
antisense D-oligos induced a large and prompt increase in LHRH 
release, whereas the scrambled D-oligos did not induce any significant 
effect. The results suggest that the removal of GABA inhibition by 
interfering with GAD synthesis is effective in increasing LHRH 
release in prepubertal monkeys. Third, the specificity of the 
antisense D-oligos on GAD levels was examined by incubating 
basal hypothalami with D-oligos in vitro and subsequent Western blot 
analysis. The antisense D-oligos consistently decreased the proteins 
GAD67 and GAD65 compared with respective control D-oligos. We conclude that 
the decrease of tonic GABAergic inhibition and maturational changes in 
GAD synthesis may be critical factors for the onset of puberty in 
nonhuman primates . 
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AMPA receptor (AMPAR) subunits expression was studied in nitric oxide 
synthase (NOS) -positive neurons of the adult rat cortex, striatum, and 
hippocampus, by a double -labeling approach, combining nonradioactive in 
situ hybridization and immunocytochemistry . The majority of cortical and 
hippocampal NOS-immunopositive neurons were characterized by a predominant 
expression of GluR-A and -D mRNA and low or undetectable expression of 
GluR-B and -C mRNA. In the striatum, the expression profile of AMPAR 
subunits in NOS-positive neurons differed from that in the other two 




regulation of GAD67 gene expression in the GPi may be critical to the 
expression of parkinsonian motor signs and suggest a potential new 
treatment strategy for Parkinson's disease. 
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together, the present results suggest that GAD may play an important 
role in the onset and progress of puberty in nonhuman primates. 
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Gastrulation in Caenorhabditis elegant is normally initiated by inward 
migration of the two gut precursor (E) cells at the 26-cell stage. A strong 
loss-of -function, temperature - sensitive , embryonic lethal mutation in the 
maternally required gene gad -1 /fgastrulation defective) prevents 
gastrulation initiation. In embryos from homozygous mutant gad-1 
(ct226) hermaphrodites reared /at 25 degrees C, the E cells divide early 
with abnormal spindle orientations and fail to migrate into the embryo, and 
no subsequent gastrulation /movements occur. These embryos continue to 
develop and differentiate/ the major cell types, but they undergo little 
morphogenesis. The temperature- sensitive period of the mutant is during 
early embryogenesis , pri^r to gastrulation onset. The predicted translation 
product of the cloned oad-1 gene includes six beta-transducin-related 
repeats of the WD /motif, which has been implicated in protein-protein 
interactions. The ct2f26 mutation alters a conserved residue in one of these 
repeats. Injection I of gad-1 antisense RNA into wild-type 
hermaphrodites mimics the mutant phenotype in progeny embryos. We conclude 
that the gad -1 gene product is required for initiation of 
gastrulation in C. elegans. 
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In the ( O^tromedial h ypothalamus (VMHj J gamma -aminobutyric acid (GABA) 
plays a role a fn^ regulating reeding and running behaviors . The GABA 
synthetic enzyme, glutamic acid decarboxylase (GAD) , consists of two 
isozymes, GAD65 and GAD67 . In the present study, the phosphorothioated 
antisense oligodeoxynucleotides (OpNsJ of each GAD isozyme were 
injected bilaterally into the (VMIJ^ o f male rats, and food intake, body 
weight and locomotor activity were monitored, odns were incorporated in the 
water-absorbent polymer (WAP, 0.2 nmol/microliter) so that ODNs were 
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retained at the injection site. Each antisense ODN of GAD65 or GAD67 
tended to reduce food intake on day 1 (day of injection=day 0) though not 
significantly. An injection combining both antisense ODNs 
significantly decreased food intake only on day 1, but body weight remained 
significantly lower than the control for 5 days. This suppression of body 
weight gain could be attributed to a significant increase in locomotor 
activity between days 3 and 5. Individual treatment with either ODNs did 
not change locomotor activity. The increase in daily locomotor activity in 
the group receiving the combined antisense ODNs occurred mainly 
during the light phase. Neither vehicle (WAP) nor control ODN affected food 
intake, body weight and locomotor activity. Histological studies indicated 
that antisense ODN distributed within 800 micron from the edge of the 
area where WAP was located 24 h after the injection gradually disappeared 
within days, but still remained within 300 micron m distance even 7 days 
after the injection. Antisense ODN was effectively incorporated by 
all the cell types examined, i.e., neurons, astrocytes and microglias. 
Further, HPLC analysis revealed that antisense ODNs of GAD 
isozymes, either alone or combined, decreased the content of GABA by 50% in 
VMH 24 h after the injection. These results indicate that suppression of 
GABA synthesis by either of the GAD isozymes is synergistically 
involved in suppressing food intake and enhancing locomotor activity in rat 
VMH. Copyright 1998 Elsevier Science B.V. 
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PURPOSE: Retina cognin (R-cognin) \s/ a 50 kDa membrane-associated 
polypeptide expressed during retinoge^iesis where it is involved in 
mediating tissue-specific cell-cell ^interactions . In addition to its 
intercellular role in aggregation,/ R-cognin may act as a cell surface 
signaling molecule. An antisense oligonucleotide was used to inhibit 
R-cognin expression and to investigate the effects of this inhibition on 
subsequent neuronal differentiation. METHODS: Cultures of retina cells were 
prepared from 6 day (E6) and 8/day (E8) chicken embryos and were incubated 
with a deoxyoligonucleotide /complimentary to 20 bases of the sequence 
encoding R-cognin or random oligonucleotides. The levels of choline 
acetyltransf erase (ChAT) and glutamic acid decarboxylase (GAD) , 
markers of cholinergic and GABAergic differentiation, respectively, were 
detected by Western bleats on protein extracts from treated cultures . 
RESULTS: The antisense/ treatment inhibited ChAT levels at E6 and 
GAD levels at E8 . The ^treatment resulted in no decrease in the level 
of the enzyme glycer aldehyde 3 -phosphate dehydrogenase. A random 
oligonucleotide did /not affect the levels of any of the proteins. 
CONCLUSIONS: These /results confirm the cell recognition role of R-cognin 
and suggest that/ it is important in intracellular signaling cascades 
necessary for normal retina development. 
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regions. This is reflected in the overall low expression of all AMPA 
receptor subunits and the paucity of GluR-D subunit expression that 
contrasts with the high expression of this subunit in NOS-positive cells in 
the hippocampus. Double -labeling experiments revealed a substantial 
correspondence between mRNA and protein levels of AMPAR subunits. Further 
evidence for the regional diversity of NOS-positive neurons is derived from 
the expression analysis of glutamate decarboxylase (GAD) -65 and -67 
mRNAs . NOS-positive neurons expressed high levels of GAD-65, but not 
-67 in the cortex, high levels of both forms in the hippocampus, and low or 
undetectable levels of both mRNAs in the striatum. Despite of these 
differences, NOS-positive neurons share the common feature of low GluR-B 
subunit expression, suggesting the presence of AMPAR channels with high 
Ca2+ permeability, regardless of the regional location. The relative 
resistance of NOS-positive interneurons in neurodegenerative diseases 
suggests that glutamate receptor-mediated Ca2+ influx alone does not 
suffice to explain neuronal vulnerability, and additional factors have thus 
to be considered. 
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This study was carried out to investigate whether the increase of GABA 
levels in spinal cord dorsal horn in response to chronic inflammatory 
lesions results from an enhanced expression of the gene that governs the 
production of glutamate decarboxylase (GAD) , the enzyme responsible 
for GABA synthesis. In situ hybridization was used to visualize neurons 
expressing GAD mRNA within the spinal cord, in both intact rats and 
in animals bearing chronic monoarthritis induced by intraarticular 
injection of complete Freund's adjuvant. In control normal animals, 
neuronal labeling by an antisense oligonucleotide probe occurred 
throughout the spinal gray matter, except in the motoneuronal pool of 
Rexed's lamina IX. In treated animals 4 days after the induction of 
monoarthritis, a significant increase in the number of labeled cells 
occurred in the superficial laminae (25.3%) and the neck (17.2%) of the 
ipsilateral dorsal horn at segments L4-L5 which contain the projection 
domain of the ankle joint. At 2 weeks, values were, respectively, 20.2% and 
13.9% over contralateral values, and an increase of 12.4% was found in the 
ventral horn. At 3 weeks, the ipsilateral increase of labeled cells was 
restricted to the superficial dorsal horn (15.2%). These findings emphasize 
the role played by the spinal GABAergic system in the modulation of chronic 
nociceptive input. It is suggested that the response of the spinal 
GABAergic system depends on the activation of GAD gene transcription 
in spinal neurons . 
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Vestibular compensation is an attractive model for investigations of 
cellular mechanisms underlying post-lesional plasticity in the adult 
central nervous system. Immediately after hemilabyrinthectomy , the 
spontaneous activity in the deafferented second-order vestibular neurons 
falls to zero, resulting in a strong asymmetry between the resting 
discharge of the vestibular complexes on the lesioned and intact sides. 
This asymmetry most probably causes the static and dynamic vestibular 
deficits observed in the acute stage. After approximately 50 h, the 
deafferented vestibular neurons recover a quasi -normal resting activity 
which is thought to be the key of the compensation of the static vestibular 
syndromes. However, the molecular mechanisms underlying this recovery are 
unknown. In this study, we investigate possible changes in the distribution 
of glutamatergic N-methyl-D-aspartate (NMDA) and glutamate metabotropic 
receptors and of glutamate decarboxylase 67k (GAD 67k) mRNAs in the 
deafferented vestibular neurons induced by the labyrinthine lesion . 
Specific radioactive oligonucleotides were used to probe sections of rat 
vestibular nuclei according to in situ hybridization methods. Animals were 
killed at different times (5 h, 3 days and 3 weeks) following the lesion. 
Signal was detected by means of film or emulsion autoradiography. In the 
normal animals, several brainstem regions including the medial, lateral, 
inferior and superior vestibular nuclei were densely labelled by the 
antisense oligonucleotide NMDAR1 probe. However, the vestibular 
nuclei were not labelled by the glutamate metabotropic oligonucleotide 
antisense probe (mGluR 1) . The GAD 67k antisense 

oligonucleotide probe labelled numerous small- to medium-sized central 
vestibular neurons but not the larger cell bodies in the lateral vestibular 
nucleus. This agrees with previous studies. In the hemilabyrinthectomized 
rats, no asymmetry could be detected, at either the autoradiographic or 
cellular levels, between the two medial vestibular nuclei whatever the 
probe used and whatever the delay following the lesion. However, for the 
NMDAR1 probe, the mean density of silver grains in both the deafferented 
and intact medial vestibular neurons was 20% lower 5 h after the lesion. 
Three days and 3 weeks later, the intensity of labelling over all cells was 
the same as in the control group. Further studies are necessary to confirm 
the relatively weak modification of the NMDAR1 mRNAs expression and to 
exclude a change of GAD 65 and of other NMDA subunit mRNAs during the 
vestibular compensation process. 
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Increased GABA activity in the medial hypothalamus (HYP) and midbrain 
central gray (MCG) , but not the preoptic area (POA) , facilitates sexual 
receptivity in the female rat [4 0] . In the current experiments, 
ovariectomized females were chronically treated with estrogen (via silastic 
capsules) to maintain a continuously high level of lordosis response. 
Administration of crystalline antisense oligodeoxynucleotide to the 
GABA synthetic enzyme, GAD67, into the HYP and MCG significantly and 
reversibly reduced lordosis response for 1-2 days, but did not inhibit 
lordosis when administered into the POA. Administration of a control 
oligonucleotide, consisting of the same nucleotide bases but in a scrambled 
sequence, did not significantly modulate behavior when infused into any 
brain areas. When oligodeoxynucleotide antisense to GAD67 was 
suspended in oil and then infused into the HYP or MCG it was more effective 
and resulted in less inter-animal variability. Subsequent experiments 
involving infusions into the MCG compared the effectiveness of 
antisense oligonucleotides to the two different forms of GAD, 
known as GAD65 and GAD67 . 01 igodeoxynucleo tides antisense to the mRNA 
for either gene were effective at reducing lordosis behavior but with a 
different time course. Oligonucleotide antisense to GAD67 
significantly reduced behavior within 24 h of infusion and there was full 
recovery by 4 days post -infusion. GAD 6 5 antisense oligonucleotide did 
not significantly reduce behavior until 48 h post infusion and animals did 
not fully recover to pretest levels of lordosis until 5 days post-infusion. 
When antisense oligonucleotide for the two genes was administered 
simultaneously, the inhibition of lordosis was maximal at 24 h and stayed 
depressed for 4 days. There did not appear to be an additive effect of the 
two different antisense oligonucleotides when administered together. 
Tissue GABA levels in HYP and MCG of individual rats assayed by HPLC were 
no longer correlated with lordosis score after antisense 
oligonucleotide infusion but were after infusions of scrambled control 
oligos. Immunoblotting for the two forms of GAD revealed that GAD67 
antisense oligonucleotide infusion led to significant decreases in 
both GAD67 and GAD65 protein levels as compared to infusions of scrambled 
control oligo. In addition, the levels of a neuronal marker, 
neuron-specific enolase, also decreased (although nonsignif icantly) 
suggesting either a temporary shutdown of protein synthesis or a 
degeneration of GABAergic neurons after GAD67 antisense 
oligonucleotide infusion. 
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Tachykinin- immunoreactive neurons are a subgroup of the GABA neuronal 
population in layer IVC of monkey primary visual cortex. Following brief 
periods of monocular deprivation in adult monkeys, immunoreactivity for 
both GABA and tachykinins is dramatically reduced in layer IV cells that 
lie within the deprived ocular dominance columns of this cortical area. The 
present study shows that these activity-dependent changes are associated 
with changes in mRNA levels but over different time courses. Radioactive 
antisense riboprobes derived from monkey- specific cDNAs were used to 



localize glutamic acid decarboxylase (GAD) and beta-preprotachykinin 
(beta PPT) mRNAs by in situ hybridization histochemistry. GAD and 
beta PPT mRNAs decreased in deprived ocular dominance columns of adult 
monkeys when neural activity was abolished in one eye by intraocular 
injections of tetrodotoxin (TTX) . beta PPT mRNA levels fell within 5 d of 
deprivation and thus appeared to parallel the fall in immunodetectable 
tachykinin levels. By contrast, reduced GAD mRNA levels were 
detectable only after 15 d of deprivation and long after the fall in 
immunoreactive GAD and GABA levels has maximized. These results 
suggest that tachykinin gene expression is regulated by transcriptional 
mechanisms as part of the first response to reduced neural activity whereas 
the initial downregulation of immunoreactive GAD and GABA depends on 
posttranscriptional mechanisms. Following a more prolonged period of 
deprivation, a secondary mechanism for GAD regulation appears to be 
engaged at the level of gene transcription or possibly by changes in mRNA 
stability. 
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The goal of the present study was to determine whether alterations in 
neuronal morphology and connections in thalamic grafts were accompanied by 
changes in the expression of mRNA encoding glutamic acid decarboxylase ( 
GAD ) , the key enzyme in the synthesis of GABA, the normal 
neurotransmitter of neurons of the thalamic reticular nucleus. Cell 
suspensions of rat fetal tissue containing both thalamic reticular nucleus 
and ventrobasal primordia were transplanted into the excitotoxically 
lesioned somatosensory thalamus of adult rats. Levels of messenger RNA 
(mRNA) encoding GAD (Mr 67,000; GAD67) were measured 7 days to 4 
months following transplantation via quantitative in situ hybridization 
with 35S-radiolabeled antisense RNAs . Expression of GAD67 mRNA in the 
thalamic reticular nucleus was analyzed in parallel in rat pups between 0 
and 30 days postnatally, and in adult animals. As already observed with 
immunohistochemistry, transplanted neurons of the thalamic reticular 
nucleus did not group in specific clusters but rather mingled with 
unlabeled (putatively ventrobasal) neurons. Levels of labelling for GAD67 
mRNA per neuron increased over time and reached adult levels during the 
third week post-grafting, i.e. 2 weeks after the theoretical birthdate of 
the neurons (grafted at embryonic days 15-16) . Similar values were observed 
and a plateau was reached at similar time points during normal ontogeny. 
The results suggest that, in contrast to morphology and size of the 
neuronal cell bodies, gene expression of GAD67 develops normally despite 
the ectopic location of neurons of the thalamic reticular nucleus in the 
somatosensory thalamus, the abnormal connectivity and the lack of 
segregation from non-GABAergic neurons. (ABSTRACT TRUNCATED AT 250 WORDS) 
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Evidence suggests that medial preoptic area (MPOA) neurones containing 
gamma-aminobutyric acid (GABA) are modulated directly by oestrogen. We have 
used an alkaline phosphatase-labelled antisense oligonucleotide probe 
to examine glutamic acid decarboxylase'67 (GAD) mRNA expression within 
individual cells of the MPOA, diagonal band of Broca (DBB) and parietal 
cortex in rats killed at noon on each day of the oestrous cycle and after 
ovariectomy (n = 4-5) . As a fall in extracellular GABA concentrations 
occurs in the MPOA on the afternoon of proestrus, the GAD67 mRNA content of 
cells was also examined in proestrous rats at 15:00h immediately prior to 
the preovulatory luteinising hormone (LH) surge. The MPOA was found to have 
an intermediate number of GAD67 mRNA- containing cells compared with the DBB 
and cortex (P less than 0.01) but expressed the lowest mean hybridisation 
signal (P less than 0.01). The parietal cortex had significantly fewer (P 
less than 0.01) GAD mRNA- containing cells than either the MPOA or DBB 
but these contained higher mean density of signal (P less than 0.01). The 
hybridisation signal for GAD mRNA was abolished by either 
ribonuclease pre-treatment or the use of excess non-labelled probe. No 
significant (P greater than 0.05) differences in GAD67 mRNA were detected 
in animals killed at noon throughout the oestrous cycle or after 
ovariectomy. On the afternoon of proestrus (15:00h) there was a significant 
40% reduction in mean GAD67 mRNA content within cells of only the MPOA 
compared with noon (P less than 0.05). The numbers of cells in the MPOA 
expressing GAD67 mRNA were not significantly diff erent . (ABSTRACT TRUNCATED 
AT 2 50 WORDS) 
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1. Gamma-aminobutryic acid (GABA), a major inhibitory transmitter of the 
vertebrate retina, is synthesized from glutamate by L-glutamate 
decarboxylase (GAD ) and mediates neuronal inhibition at GABAA 
receptors. GAD consists of two distinct molecular forms, GAD65 and 
GAD67 , which have similar distribution patterns in the nervous system 
(Feldblum et al . , 1990; Erlander and Tobin, 1991). GABAA receptors are 
composed of several distinct polypeptide subunits, of which the GABAA alpha 
1 variant has a particularly extensive and widespread distribution in the 
nervous system. The aim of this study was to determine the cellular 
localization patterns of GAD and GABAA alpha 1 receptor mRNAs to 
define GABA- and GABAA receptor-synthesizing neurons in the rat retina. 2. 



GAD and GABAA alpha 1 mRNAs were localized in retinal neurons by in 
situ hybridization histochemistry with 35S-labeled antisense RNA 
probes complementary to GAD67 and GABAA alpha 1 mRNAs. 3. The majority of 
neurons expressing GAD67 mRNA is located in the proximal inner nuclear 
layer (INL) and ganglion cell layer (GCL) . Occasional GAD67 mRNA- containing 
neurons are present in the inner plexiform layer. Labeled neurons are not 
found in the distal INL or in the outer nuclear layer (ONL) . 4. GABAA alpha 
1 mRNA is expressed by neurons distributed to all regions of the INL. Some 
discretely labeled cells are present in the GCL. Labeled cells are not 
observed in the ONL. 5. The distribution of GADS 7 mRNA demonstrates that 
numerous amacrine cells (conventional , interstitial , and displaced) and 
perhaps interplexif orm cells synthesize GABA. These cells are likely to 
employ GABA as a neurotransmitter. 6. The distribution of GABAA alpha 1 
mRNA indicates that bipolar, amacrine, and perhaps ganglion cells express 
GABAA receptors having an alpha 1 polypeptide subunit, suggesting that GABA 
acts directly upon these cells. 
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In order to determine whether calcium binding protein (calbindin-D2 8k or 
CaBP) and glutamate decarboxylase (GAD ) may be involved in the 
process underlying the generation of seizure activity, changes in CaBP 
protein and mRNA and in GAD mRNA were examined in the kindling model 
of epilepsy. Following amygdaloid (AK) and commissure (CK) kindling 
significant decreases in the concentration of CaBP of 20% and 30%, 
respectively, were specifically observed in the hippocampal formation. 
However, using a cDNA specific to mammalian CaBP, Northern analysis of 
poly(A+) RNA and slot blot analysis of total RNA revealed no changes in the 
levels of CaBP mRNA in hippocampus, subcortical area (including amygdala, 
substantia nigra and striatum) or cerebellum of rats sacrificed 30 min, 1 
h, 6 h or 24 h after the last kindled seizure. Similarly when these blots 
were reprobed with a cDNA specific to mammalian GAD, no changes in 
GAD gene expression were observed. However, fos gene expression was 
markedly enhanced at 1 h after seizure. We also tested whether changes in 
CaBP or GAD mRNA could be detected at any of the various stages of 
the kindling process. Slot blot analysis of cortex, subcortical structures 
and hippocampus revealed no changes in CaBP or GAD mRNA during the 
course of commissure kindling. In situ hybridization studies with GAD 
and CaBP 35S-labeled antisense probes also indicated no obvious 
changes upon visual analysis of autoradiographs . However, when silver 
grains were counted, significant changes in GAD mRNA in individual 
cells in hippocampus and substantia nigra were noted after kindling induced 
epilepsy. Our results indicate that, unlike fos gene expression, prominent 
alterations in GAD and CaBP mRNA in gross brain regions (as measured 
by slot blot and Northern blot analyses) are not observed in the kindling 
process. However, our in situ hybridization studies suggest that changes in 
GAD mRNA in individual cells may be involved in the process 



underlying kindling induced seizure activity. 
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Increases in immunocytochemically detectable type II 

calcium-calmodulin-dependent protein kinase (CaM II kinase) and decreases 
in immunocytochemically detectable glutamic acid decarboxylase (GAD) 
are known to occur in the visual cortex of adult monkeys following brief 
periods of monocular visual deprivation. In the present study, GAD 
and CaM II kinase gene expression was investigated under these conditions. 
The polymerase chain reaction (PCR) was used to generate species-specific 
cDNA clones that were used to make antisense RNA probes . A second 
form of CaM II kinase alpha, CaM II kinase alpha-33, which contains an 
additional phosphorylation consensus sequence, was identified. In situ 
hybridization in normal visual cortex revealed a complex sublaminar 
organization of GAD-expressing cells within layers IVC and VI and a 
distribution of CaM II kinase alpha-expressing cells that was greatest in 
layers II, III, IVB, and VI. In situ hybridization in the cortex from 
animals that had been monocularly deprived revealed enhanced CaM II kinase 
mRNA levels in deprived-eye columns of layer IVC and, associated with the 
deprived eye, cytochrome oxidase -stained periodicities in other layers. In 
layer IV, the enhancement of labeling in deprived-eye stripes was, on 
average, 16% greater than in normal -eye stripes. By contrast, GAD, 
mRNA levels appeared unchanged in all layers, suggesting a 
posttranscriptional regulatory mechanism. 
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We used in situ hybridization of 35S-labeled antisense RNAs to 
study the cellular distribution of three neuronal mRNAs 
expression of these RNAs in cerebellar Purkinje 



We compared the 
neurons in wild- type 



(C57B1-6J) mice and in two mutants (Weaver and reeler) known to have 



\ 



abnormal cerebellar morphologies. In normal mice, GAD mRNA is present 
in four sets of neurons in the cerebellar cortex while calbindin mRNA is 
present only in Purkinje neurons. Proenkephalin mRNA is present in Golgi II 
neurons as well as in a set of neurons in the deep part of the molecular 
layer. Despite the dramatic differences in structural organization and 
inputs of Purkinje neurons in the cerebella of adult Weaver and reeler 
mice, the expression of these RNAs appears unchanged. These results support 
the hypothesis that Purkinje cell cytodif f erentiation proceeds autonomously 
after its inception in early embryonic life. 
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Glutamic acid decarboxylase (GAD) mRNA was quantified in different 
regions of rat brain using an antisense RNA probe (ribo-probe) 
prepared from a cloned feline cDNA. In all brain regions studied a single 
band of GAD mRNA of approximately 3.7 kb was detected. The level of 
GAD mRNA was highest in the cerebellum, followed by the hypothalamus 
greater than thalamus greater than striatum greater than hippocampus 
greater than frontal cortex = parietal cortex greater than or equal to 
medulla = pons. Since GAD has been previously localized to intrinsic 
neurons of the striatum, we examined the effects of intrastriatal kainic 
acid administration on striatal GAD mRNA. The level of GAD mRNA 
in the kainic acid-lesioned striatum was reduced by 70-75% when compared to 
the contralateral (unlesioned) striatum. In contrast, the level of 
glutamine synthetase (an enzyme localized to glia) mRNA was increased 
approximately 290% in the kainic acid-lesioned striatum. There were no 
significant differences in GAD mRNA levels between the ipsilateral 
and contralateral cerebral cortices and hippocampi of rats injected with 
intrastriatal kainic acid. 
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ABSTRACT: Objective To investigate the effects of antisense glutamic 
acid decarboxylase (GAD67) oligodeoxynucleotide (ODN) on behavior, 
seizure threshold and EEG of hippocampus in the epileptic rats induced by 
pentylenetetrazol (PTZ) . Methods A model of chronic epilepsy in rats was 
established by PTZ . The inhibition of GAD67 mRNA expression in 
hippocampus was selectively induced by antisense 

oligodeoxynucleotide of GAD67. The effect of antisense GAD67 ODN on 
behavior, seizure threshold and EEG recording of kindled rats was 
examined. Results Antisense GAD67 ODN could inhibit the expression 
of GAD67 mRNA and the concentration of GABA. It also could significantly 
shorten the latencies of seizure and increase the level of seizure and 
the frequency of epileptiform discharges. Conclusion The gene of GAD67 
may be an anti-seizure gene, which might inhibit epileptiform discharge. 
The treatment of epilepsy by GAD67 gene will have a bright future. 
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ABSTRACT: The two isoforms of glutamic acid decarboxylase (GAD65 and 

GAD67) , the synthesizing enzymes for GABA, may have different functional 
roles in regulating basal ganglia output and may have different regional 
and cellular distributions Since altered pallidal GABAergic activity may 
underlie motor deficits observed in parkinsonism, we have investigated 
the regional distribution and differential expression of GAD65 and GAD67 
mRNA at 4 rostrocaudal levels throughout the pallidal complex in normal 
and parkinsonian squirrel monkeys. In normal animals, GAD65 mRNA was 
expressed similarly in both internal (GPi) and external (GPe) pallidal 
segments with no significant rostrocaudal differences in gene expression 
GAD67 mRNA was expressed to a greater extent in the GPi than the GPe, 
with higher levels expressed caudally. In MPTP- treated parkinsonian 
monkeys, GAD67 mRNA expression was increased in both the GPi and GPe with 
much larger increases in the GPi especially at more caudal levels. Only 
minor increases in GAD65 gene expression were observed in the GPi and 
gene expression was decreased in the GPe at all rostrocaudal levels. 
Based on the anatomical distributions of GAD isoforms in the 
pallidum and the assumption that increased activity of GABAergic GPi 
neurons underlie the expression of parkinsonian signs, we performed 
targeted application of GAD65 and GAD67 antisense oligonucleotides 
to the GPi in an attempt to selectively decrease the abnormal GABAergic 
activity and to partially ameliorate parkinsonian signs. Infusion of 
GAD67 antisense into the GPi in 3 parkinsonian monkeys caused 
increased motor activity that was not observed after infusions of a 
missense sequence or GAD65 antisense. These results show that 
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ABSTRACT: In order to determine whether calcium binding protein 

(calbindin-D28k or CaBP) and glutamate decarboxylase (GAD) may be 
involved in the process underlying the generation of seizure activity, 
changes in CaBP protein and mRNA and in GAD mRNA were examined in 
the kindling model of epilepsy. Following amygdaloid (AK) and commissure 
(CK) kindling significant decreases in the concentration of CaBP of 20% 
and 30%, respectively, were specifically observed in the hippocampal 
formation. However, using a cDNA specific to mammalian CaBP, Northern 
analysis of poly(A+) RNA and shot blot analysis of total RNA revealed no 
changes in the levels of CaBP mRNA in hippocampus, subcortical area 
(including amygdala, substantia nigra and striatum) or cerebellum of rats 
sacrificed 30 min, 1 h, 6 h or 24 h after th last kindled seizure. 
Similarly when these blots were reprobed with a cDNA specific to 
mammalian GAD, no changes in GAD gene expressions were 

observed. However, fos gene expression was markedly enhanced at 1 h after 
seizure. We also tested whether changes in CaBP or GAD mRNA could 
be detected at any of the various stages of the kindling process. Slot 
blot analysis of cortex, subcortical structures and hippocampus revealed 
no changes in CaBP or GAD mRNA during the course of commissure 
kinding. In situ hybridization studies with GAD and CaBP 
35S-labeled antisense probes also indicated no obvious changes upon 
visual analysis of autoradiographs . However, when silver grains were 
counted, significant changes in GAD mRNA in individual cells in 
hippocampus and substantia nigra were noted after kindling induced 
epilepsy. Our results indicted that, unlike fos gene expression, 
prominent alterations in GAD and CaBP mRNA in gross brain regions 
(as measured by slot blot and Northern blot analyses) are not observed in 
the kindling process. However, our in situ hybridization studies suggest 
that changes in GAD mRNA in individual cells may be involved in the 
process underlying kindling induced seizure activity. 

1990 
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OBJECTIVE: To investigate the effects of antisense glutamic acid 
decarboxylase (GAD (67)) oligodeoxynucleo-tide (ODN) on behavior, 
seizure threshold and EEG of hippocampus in the epileptic rats induced by 
pentylenetetrazol (PTZ) . METHODS: A model of chronic epilepsy in rats was 
established by PTZ . The inhibition of GAD (67) mRNA expression in 
hippocampus was selectively induced by antisense oligodeoxynucleotide 
of GAD (67) . The effect of antisense GAD (67) ODN on 

behavior, seizure threshold and EEG recording of kindled rats was examined. 
RESULTS: Antisense GAD (67) ODN could inhibit the expression of 
GAD (67) mRNA and the concentration of GABA. It also could 
significantly shorten the latencies of seizure and increase the level of 
seizure and the frequency of epileptiform discharges. CONCLUSION: The gene 
of GAD (67) may be an anti-seizure gene, which might inhibit 



epileptiform discharge. The treatment of epilepsy by GAD (67) gene 
will have a bright future. 
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It was previously reported that silencing of the expression of glutamic 
acid decarboxylase (GAD) in transgenic nonobese diabetic (NOD) mice 
completely protected islet beta-cells against development of diabetes. This 
suggests that the repression of GAD autoantigen by somatic gene 
delivery can prevent autoimmune destruction of pancreatic beta-cells. To 
repress GAD expression in islet beta-cells, we delivered an 
antisense GAD mRNA expression plasmid (pRIP-AS-GAD) using 

poly (ethylene glycol ) -grafted poly-L-lysine (PEG-g-PLL) as a gene carrier. 
In a gel retardation assay, the pRIP- AS -GAD/ PEG-g-PLL complex was 
completely retarded above a weight ratio of 1:1.5 (plasmid: PEG-g-PLL). 
PEG-g-PLL protected the plasmid DNA from DNase I for more than 60 minutes. 
In a reporter gene transfection assay, PEG-g-PLL showed the highest 
transfection efficiency at a weight ratio of 1:3. We also transfected 
pRIP-AS-GAD/PEG-g-PLL complex into a GAD -producing mouse 
insulinoma (MIN6) cell line. The antisense mRNA was expressed 
specifically in beta-cells and expression was dependent on glucose level. 
The repression of GAD after transfection of pRIP-AS-GAD was 
confirmed by immunoblot assay. In addition, in vivo expression of 
antisense RNA in pancreas was confirmed by RT-PCR after intravenous 
injection of the complex into mice. Therefore, our study revealed that the 
pRIP-AS-GAD/PEG-g-PLL system is applicable for the repression of 
GAD autoantigen expression. 
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Astrocytes expressing glutamic acid decarboxylase GAD67 directed by the 
glial fibrillary acidic protein promoter were shown to provide enhanced 



protection of PC12 cells from H(2)0(2) treatment and serum deprivation in 
the presence of glutamate. In addition, they protected non-differentiated, 
but not differentiated, embryonic rat cortical neurons from glutamate 
toxicity.. Glutamic acid decarboxylase (GAD) -expressing astrocytes 
showed increased glutathione synthesis and release compared to control 
astrocytes. These changes were due to GAD transgene expression, as 
transient expression of a GAD antisense plasmid resulted in 
partial suppression of the increase in glutathione release. In addition to 
the previously demonstrated increases in NADH and ATP levels and lactate 
release, GAD -expressing astrocytes show increased antioxidant 
activity, explaining their ability to protect neurons from various 
injuries. 
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During development, exposure to gonadal steroids results in brain sexual 
differentiation. Postnatally, hypothalamic gamma -aminobutyric acid (GABA) 
levels are almost double in males versus females. We hypothesized that 
increased GABA neonatally results in masculinization . Males, females, and 
androgenized females were infused intrahypothalamically with 
antisense oligonucleotides against glutamic acid decarboxylase ( 
GAD) mRNA at birth to reduce GABA synthesis. GAD protein and 
GABA levels were reduced 24 hr later without obvious toxic effects, as 
determined by histological examination. As adults, neonatally 
antisense -treated, androgenized females showed reduced 
intromission-like behavior and lordosis quotients compared with vehicle and 
scrambled controls. Lordosis quotients were reduced about 50% in 
nonandrogenized females versus vehicle and scrambled controls. These data 
suggest that GABA is involved in mediating brain sex differentiation and 
may act in both males and females . 



2/3,AB/5 (Item 5 from file: 

DIALOG (R) File 155 :MEDLINE (R) 



155) 



10909231 20452769 PMID: 10996408 

Anti-sense oligonucleotides, for progestin receptors in the VMH and 
glutamic acid decarboxylase in the VTA, attenuate progesterone-induced 
lordosis in hamsters and rats. 

Frye C A; Murphy R E; Platek S M 

Department of Psychology, The University at Albany-SUNY, 
Avenue, Albany, NY 12222, USA. cafrye@cnsunix.albany.edu 

Behavioural brain research (NETHERLANDS) Oct 2000, 115 
ISSN 0166-4328 Journal Code: 8004872 

Document type : Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

Immunocytochemical (ICC) staining for progesterone (P) receptors (PRs) 



1400 Washington 
(1) p55-64, 



and glutamic acid decarboxylase (GAD) , the enzyme responsible for 
GABA production, reveal that there are many PRs in the ventral medial 
hypothalamus (VMH) and many GAD containing neurons in the ventral 
tegmental area (VTA). To investigate P's action on lordosis in the VMH and 
VTA, anti-sense oligos specific to PRs and GAD (65&67) were 
intracerebrally infused into the VMH and VTA of 24 ovariectomized hamsters 
and 40 ovariectomized rats. Estradiol benzoate (2 microg) primed hamsters 
and rats were infused to the VMH and the VTA with either PR (250 ng/1.0 
microl infusion) or GAD (500 ng/1 . 0 microl infusion) anti- sense 
oligos, their scramble controls, or saline vehicle at hour 0 and again at 
hour 24. At hr 44, rodents were subcutaneously injected with P (500 microg) 
and were tested for sexual receptivity with a male 4 h later. There were 
significant reductions in lordosis of hamsters and rats following PR 
anti-sense infusions to the VMH compared to scrambled or vehicle control 
infusions. Effects of PR anti-sense to the VMH were not different from 
combined VMH and VTA PR anti-sense infusions; however, VMH infusions 
reduced lordosis compared to VTA-only anti -sense infusions . GAD 
anti -sense infusions reduced lordosis when infused into the VTA, compared 
to scrambled or saline vehicle infusions. Lordosis responsiveness following 
VTA GAD anti -sense infusions was not different from combined VMH and 
VTA infusions, but VTA infusions of GAD anti -sense reduced lordosis 
compared to VMH-only anti-sense infusions. These data suggest that in the 
VMH, PRs are important for P-f acilitated lordosis, whereas in the VTA, 
GABAergic neurons may be an important substrate for mediating P's actions 
on lordosis of rodents. 
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Excitatory and inhibitory neuronal cell fates require specific expression 
of both neurotransmitter and morphological phenotypes. The role of the 
F-actin cytoskeleton in morphological phenotypes has been well documented, 
but its role in neurotransmitter phenotype expression remains unknown. Here 
we present evidence that the F-actin binding protein cortactin participates 
in determining both aspects of cell fate in large telencephalic neurons. We 
show that the expression of cortactin was upregulated early in development 
just prior to appearance of GABAergic neurons in the chick telencephalon at 
embryonic day 6. This program was faithfully maintained in primary neuronal 
cultures derived from E6 telencephalon, where immature neurons 
differentiate either to large pyramidal and large stellate excitatory 
neurons or to small inhibitory GABAergic neurons. Immunostaining revealed 
that cortactin was enriched in areas of membrane budding, growth cones, and 
in the cell cortex of immature neurons . With differentiation, intense 
punctate staining was also observed in an extraction-resistant cytosolic 
compartment of the soma and processes. More importantly, suppression of 
cortactin by inhibition of cortactin mRNA translation with antisense 
oligonucleotides caused permanent phenotypic changes. Specifically, a 
transient suppression of cortactin was achieved in immature neurons with a 
single exposure to antisense oligonucleotides. This inhibition first 
induced both the expression of mRNA and the enzymatic activity of GAD 



significantly earlier than in control neurons. Second, cortactin-suppressed 
large project ional neurons exhibited significantly shorter processes and 
growth cones with protrusive filopodia and an enlarged lamellipodia veil. 
Most importantly, this remodeling of neuritic outgrowth in projectional 
somata was accompanied by the ectopic induction of GABA (* -aminobutyric 
acid) expression. Considering this data altogether, it appears that 
cortactin may function to suppress concurrently several parameters of the 
GABAergic program in large developing neurons. 
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Astrocytes play a key role by catabolizing glutamate from extracellular 
space into glutamine and tricarboxylic acid components. We previously 
produced an astrocytic cell line that constitutively expressed glutamic 
acid decarboxylase (GAD67) , which converts glutamate into GABA to increase 
the capacity of astrocytes to metabolize glutamate. In this study, 
GAD -expressing astrocytes in the presence of glutamate were shown to 
have increased energy metabolism, as determined by a moderate increase of 
3- (4, 5-dimethylthiazol-2-yl) -2 , 5 -diphenyltetrazolium bromide reduction, by 
an increased ATP level, and by enhanced lactate release. These changes were 
due to GAD transgene expression because transient expression of a 
GAD antisense plasmid resulted in partial suppression of the 
ATP level increase. These astrocytes had an increased survival in response 
to glucose deprivation in the presence of glutamate compared with the 
parental astrocytes, and they were also able to enhance survival of a 
neuronal-like cell line (PC12) under glucose deprivation. This protection 
may be partially due to the increased lactate release by GAD 
-expressing astrocytes because PC12 cell survival was enhanced by lactate 
and pyruvate under glucose deprivation. These results suggest that the 
establishment of GAD expression in astrocytes enhancing glutamate 
catabolism could be an interesting strategy to increase neuronal survival 
under hypoglycemia conditions. 
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The pontine microinjection of the inhibitory neurotransmitter GABA and 
its agonist induced prolonged periods of wakefulness in unanesthetized, 
chronic cats. Conversely, the application of bicuculline, a GABA (A) 
antagonist, resulted in the occurrence of episodes of rapid eye movement 
(REM) sleep of long duration. Furthermore, administration of 
antisense oligonucleotides against glutamic acid decarboxylase ( 
GAD ) mRNA into the same area produced a significant decrease- in 
wakefulness and an increase in REM sleep. Microinjections of glycine, 
another major inhibitory neurotransmitter in the CNS, and its antagonist, 
strychnine, did not have any effect on the behavioral states of sleep and 
wakefulness. These data argue forcibly that 1) GABAergic neurons play a 
pivotal role in determining the occurrence of both wakefulness and REM 
sleep and 2) the functional sequelea of inhibitory GABA actions within the 
pontine reticular formation are excitatory directives and/or behaviors. 
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In hamsters, progesterone (P) in the hypothalamus and ventral tegmental 
area (VTA) is necessary for receptivity; in rats, hypothalamic P induces 
receptivity and midbrain P further enhances it. How P exerts its effects in 
the VTA on lordosis is of interest because few estrogen- induced P receptors 
(PRs) have been identified there. Sexual receptivity of rats and hamsters 
is enhanced when P's actions in the VTA are restricted to the membrane and 
when the gamma -aminobutyric acid (GABA) A agonist, muscimol, is infused into 
the VTA, but attenuated with infusions of the GABA (A) antagonist, 
bicuculline . The dopamine (DA) agonist . SKF3 83 93 , rapidly enhances 
receptivity when infused intravenously; this effect can be blocked by both 
DA receptor (DR) and PR antagonists. This study investigated the importance 
of PRs, glutamic acid decarboxylase (GAD) , the enzyme responsible for 
GABA production, GABA (A) receptors (GBRs) , and DRs in the VTA of cycling 
rats and hamsters for the expression of lordosis. Proestrous and diestrous 
animals implanted with bilateral VTA cannulae were pre-tested for 
receptivity, infused with either an antagonist (RU38486 (20 microg) , 
bicuculline (100 ng) , SCH23390 (100 ng) ) , anti-sense oligonucleotide 
(against PR (250 ng) , GAD (500 ng) , Dl (500 ng) , D5 (250 ng) ) , or 
control infusions to each cannulae and re- tested. Vehicle and scrambled 
oligonucleotides were infused as controls and elicited similar effects. 
Antagonists of GBRs and DRs significantly reduced lordosis on post-tests 
compared to the PR antagonist and control conditions in rats and hamsters. 
Lordosis was significantly reduced, compared to controls, only by 
anti-sense oligonucleotides for GAD and Dl- and D5-DR subtypes. These 
data suggest that in the VTA GABAergic and dopaminergic neurons may be more 
important in the mediation of sexual receptivity than neurons containing 
intracellular PRs. 
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Partial vibrissectomy in adult mice induces body map plasticity in SI 
barrel cortex. To examine if the disturbed balance of cortical activation 
affects the excitatory and inhibitory neurotransmitter systems, we studied 
glutamic acid decarboxylase (GAD 67) and AMPA receptor subunit GluR2 
mRNA expression in the barrel cortex. At varying times post-vibrissectomy # 
sparing row C of whiskers on one side of the snout, the brains were 
processed for in situ hybridisation using specific [ (35) S] oligonucleotides 
to detect the laminar localization of GAD67 and GluR2 mRNAs . Three and 
seven days after vibrissectomy, the expression of GAD67 was decreased in 
the deafferented cortex, while 30 days post-lesion, no effects were 
observed. At 3 days post-lesion, an ipsilateral decrease in GAD67 mRNA 
expression was also observed. No decreases in GluR2 transcripts were found 
in the deafferented cortex, but an increased expression was observed in the 
representation of the spared row C of whiskers 3 days after vibrissectomy. 
Seven and 30 days post lesion no changes in GluR2 expression were found. 
These data indicate that in the barrel cortex, peripheral deaf f erentation 
transiently regulates GAD67 and GluR2 expression at the transcriptional 
level. We suggest that this may be a manifestation of adaptive processes. 
Copyright 1999 Elsevier Science B.V. 
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Glutamic acid decarboxylase (GAD ) is a pancreatic beta cell 
autoantigen in humans and nonobese diabetic (NOD) mice, beta Cell -specific 
suppression of GAD expression in two lines of antisense 
GAD transgenic NOD mice prevented autoimmune diabetes, whereas 
persistent GAD expression in the beta cells in the other four lines 
of antisense GAD transgenic NOD mice resulted in diabetes, 
similar to that seen in transgene-negative NOD mice. Complete suppression 
of beta cell GAD expression blocked the generation of diabetogenic T 
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cells and protected islet grafts from autoimmune injury. Thus, beta 
cell-specific GAD expression is required for the development of 
autoimmune diabetes in NOD mice, and modulation of GAD might, 
therefore, have therapeutic value in type 1 diabetes. 
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Previously we have shown that release of gamma-aminobutyric acid (GABA) 
in the stalk-median eminence (S-ME) is high in prepubertal monkeys and that 
a decrease in GABA release triggers the onset of puberty. However, it is 
still unclear how disinhibition of the luteinizing hormone releasing 
hormone (LHRH) neuronal system from GABA input is followed (or accompanied) 
by an increase in stimulatory signals, such as glutamatergic input to LHRH 
neurons. To clarify the temporal relationship between the reduction of the 
GABAergic inhibitory signal and the enhancement of the glutamatergic 
stimulatory signal in the control of LHRH release at the onset of puberty, 
we conducted two experiments using a push-pull perfusion method. In the 
first experiment, we measured developmental changes in release of LHRH, 
GABA, and glutamate in the S-ME. LHRH levels were very low in prepubertal 
monkeys, increased to higher levels in early pubertal monkeys, with the 
highest LHRH levels occurring in mid-pubertal monkeys. As we previously 
observed, GABA levels were high in prepubertal monkeys and then decreased 
in early- and mid-pubertal monkeys. In contrast, glutamate levels were very 
low in prepubertal monkeys , increased dramatically in early pubertal 
monkeys, and then slightly decreased in mid-pubertal monkeys, although 
mid-pubertal levels remained much higher than prepubertal levels. In the 
second experiment, we measured GABA, glutamate and LHRH in the same samples 
obtained from prepubertal monkeys which were infused with an 
antisense oligodeoxynucleotide (AS) for glutamic acid decarboxylase ( 
GAD ) 67 mRNA into the S-ME. GAD67 is a catalytic enzyme for GABA 



synthesis from glutamate, and AS GAD67 mRNA interferes with GAD67 
synthesis. Infusion of the AS GAD67 induced a decrease in GABA release, 
which subsequently resulted in an increase in LHRH release. Surprisingly, 
glutamate release also increased several hours after the decrease in GABA 
release, and the increased LHRH release continued. These data are 
interpreted to mean that a decrease in GABA synthesis by interference with 
GAD67 synthesis and the reduction of GABA release in the S-ME trigger an 
increase in LHRH release, but that a subsequent increase in glutamate 
release in the S-ME further contributes to the pubertal increase in LHRH 
release at the onset of puberty. The data further support our hypothesis 
that GAD plays an important role in the mechanism of the onset of 
puberty. 
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Previously we have shown that gamma -aminobutyric acid (GABA) is an 
inhibitory neurotransmitter restricting the pubertal increase in LHRH 
release in juvenile monkeys, and that interfering with GABA synthesis with 
an antisense oligodeoxynucleotide (AS) for glutamic acid 
decarboxylase (GAD67) mRNA results in an increase in LHRH release in 
prepubertal monkeys. GAD67 is a catalytic enzyme that synthesizes GABA from 
glutamate. To further clarify the role of GABA in puberty, we examined 
whether the inhibition of LHRH release by GABA continues after the onset of 
puberty and whether input from glutamatergic neurons plays any role in the 
onset of puberty when GABA inhibition declines, using a push-pull perfusion 
method. In Study I, the effects of the AS GAD67 mRNA on LHRH release in 
pubertal monkeys (34.3 +/- 1.5 months of age, n = 8) were examined, and the 
results were compared with those in prepubertal monkeys (18.5 +/- 0.4 
months, n = 12) . Direct infusion of AS GAD67 (1 microM) into the 
stalk-median eminence (S-ME) for 5 h stimulated LHRH release in both 
prepubertal and pubertal monkeys. However, the increase in LHRH release in 
pubertal monkeys was significantly (P < 0.01) smaller than that in 
prepubertal monkeys. Infusion of a scrambled oligo as a control was without 
effect in either group. In Study II, to examine the possibility that an 
increase in glutamate tone after the reduction of an inhibitory GABA tone 
contributes to the AS GAD67 -induced LHRH increase, the effects of the NMDA 
receptor blocker MK801 (5 microM) on LHRH release were tested in monkeys 
treated with AS GAD67 . MK801 infusion into the S-ME during the treatment of 
AS GAD67 (1 microM) suppressed the AS GAD67 -induced LHRH release in both 
age groups. MK801 alone did not cause any significant effect in either 
group. The data are interpreted to mean that GABA continues to suppress 
LHRH release after the onset of puberty, although the degree of suppression 
is weakened considerably after the onset of puberty, and that the increased 
LHRH release after AS GAD67 treatment may be partly due to an increase in 
glutamate tone mediated by NMDA receptors, as well as due to the decrease 
in GABA release following the decrease in GAD synthesis. Taken 



